There is continuing controversy, extending into regulatory matters, over the significance to human health of positive results in carcinogenicity studies in animals using the gavage technique as the route of exposure.
Introduction
The scientific and regulatory communities generally agree that chemicals positive in properly conducted carcinogenesis studies should be regarded, for practical purposes, as likely to be carcinogenic in humans (1, 2) . However, positive results on a number of commercially important substances in animal studies wherein gavage was the route of administration have triggered a debate about the validity of those results (3, 4) . This has been especially true when vegetable oil was the vehicle. The debate centers around the possibility that results obtained by the gavage route may be misleading-especially that gavage may lead to an excess of false positive results as compared with other routes (3) . This question is particularly relevant to the assays conducted in the National Ibxicology Program (NTP) where, in the past, the gavage route was often used in carcinogenesis studies. This de-*Columbia University School of Public Health, 60 (2) .
Concern has been voiced that the oil vehicle used in administering some chemicals by gavage may alter the rate of absorption, distribution, excretion, and metabolism of the test substance, or may affect hormonal status, cell division or other factors that modify tumorigenic responses (12) (13) (14) . At the present time, there is only limited information regarding the ability of the gavage vehicle to modify the pharmacokinetics of test substances, and the significance of nutritional, physiological, and biochemical effects induced by various types of oil gavage is not well established. However, it should be pointed out that the vegetable oil used in most studies is identical to one of the common constituents of most human diets. There are also some reports of a tumor-promoting effect of oils used in administering chemicals by gavage (4, 14, 15) and of an overall elevated incidence of pancreatic acinar adenoma in male F344/N rats receiving corn oil by gavage in some studies (16) . Yet there have been marked variations in the incidence of both these effects, and the most consistent effect in gavage studies using corn oil as the vehicle was a decrease in the incidence of leukemia (17) .
It has also been argued that in most cases (except for ingested materials including drugs to be taken orally), the gavage route bears little relationship to anticipated human exposure to the toxic substance (18) . However, many materials that are inhaled will end up in the stomach, often in large amounts. This is particularly true of materials suspended as particles in the air. Inhaled particles, deposited in the lung, can be transported up the respiratory tree and then swallowed. Thus, oral ingestion is a common route of human exposure (ultimately) to carcinogens in the environment or workplace.
Questions about the biological effects of gavage and vehicles used in administration are difficult to resolve because they are likely to be affected by factors such as animal age or weight, species and strain, the amount and type of vehicle (oil) used, the presence or absence of food in the stomach at the time of gavage, the time and frequency of the gavage, and the skill of the person administering the gavage (to minimize the stress or injury to the animal). Rates (24, 26) . In addition, every chemical listed in Table  1 was found to be positive in a study using a nongavage route in the same species of animal that gave positive results when the chemical was administered by gavage. Table 1 shows that, in at least one study, each chemical induced tumors distal to the site of application (stomach). This was also true for the 15 substances in this data set studied by the SC route. In at least one SC experiment, all 15 chemicals caused tumors at sites other than (sometimes in addition to) the injection site: 4-amino-biphenyl, benzidine, benzo[a]pyrene, carbon tetrachloride, cycasin, dibenz[a,h]anthracene, 7H-dibenzo[c,g]carbazole, diethylstilbestrol, dimethylbenzidine, 2-naphthylamine, N-nitrosodibutylamine, N-nitrosodiethylamine, N-nitrosodimethylamine, N-nitroso-N-methylurea, and urethane. Thus, the (91, 92) possible objection that studies of carcinogenesis wherein the SC route of administration was used might be flawed by the finding of tumors only at the site of injection does not seem to apply to our analysis. The SC route was therefore used to validate the results of studies using the gavage route. However, we did not exclude from the table carcinogenic responses at the site of administration (whether this be in the skin after SC injection or in the forestomach after gavage) since these are also informative. quired a critical review of the design and power of each study to exclude possible false negatives. Despite these limitations, the data suggest that gavage studies can provide valuable evidence that might be used in assessing the potential of a chemical to be a human carcinogen and that the results of carcinogenesis studies using the gavage route of administration should not be discounted. In this sample of chemicals, in every case but one, positive results by gavage were confirmed by assays using other appropriate routes of administration.
